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CORPORATE RESEARCH PROGRAM 


OBJECTIVES 

- PROVIDE EXXON WITH A SOURCE OF EXPERTISE IN AN AREA WHICH COULD HAVE MAJOR IMPACT ON FUTURE 
BUSINESS ENVIRONMENT 

- HELP STIMULATE AND CONTRIBUTE TO A BROAD SCIENTIFIC INVESTIGATION OF C0 2 EFFECTS 

APPROACHES 

- ESTABLISH A SCIENTIFIC PRESENCE THROUGH RESEARCH PROGRAM IN CLIMATE MODELING 

- SELECTIVE SUPPORT OF OUTSIDE ACTIVITIES 

- MAINTAIN AWARENESS OF NEW SCIENTIFIC DEVELOPMENTS 


CONCENTRATION OF ATMOSPHERIC C0 2 AT MAUNA LOA 

OBSERVATORY, HAWAII 
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INDUSTRIAL C0 9 PRODUCTION 



R A S IS FO R CO ^-G REENHOU SE EFFECT 

ATMOSPHERIC ARSORPTION Of INTRARED RADIATION INCREASES EARTH'S TEMPERATURE BY-35 
INCREASING CO? AND OTHER TRACE GASES ARSORB IN THE REMAINING ATMOSPHERIC WINDOWS 

INTENSITY A# A VC LENGTH 


WAVELENGTH A (pm| 


ROLE OF MATHEMATICAL MODEL I NG 


MODELS ARE BEING USED TO EXPLORE PHYSICAL EFFECTS (SCENARIOS) AND AS A PREDICT I VE TOOL 

- CARBON CYCLE MODELING TO DETERMINE FATE OF FOSSIL-FUEL C0 2 EMISSIONS 

- CL I MATE MODELING TU STUDY EFFECTS OF ATMOSPHERIC C0 2 INCREASES ON THE EARTH'S CLIMATE 


VALIDITY OF MODELS NOT ESTABLISHED 

- COMPLEXITY OF CARBON CYCLE AND CLIMATE SYSTEM REQUIRE MANY APPROXIMATIONS AND PARA ME TER I ZAT IONS 

- GEOLOGICAL AND HISTORICAL DATA ARE INADEQUATE FOR VALIDATION OF MODELS 


CLIMATE MODEL CONSENSUS 


ESTIMATES OE THE CHANGE IN GLOBAL AVTRAGE SURFACE TEMPERATURE OUE TO VARIOUS CHANGES IN CO ? CONCENTRATION 
- SHADING SHOWS PRESENT RANGE OF NATURAL FLUCTUATIONS 



CO ? CONCENTRATION - ppmv 


FIRST EFFECTS PREDICTED BY YEAR 2000 



1950 1950 1970 1900 1990 2000 2010 2020 


YEAR 


Hansen et al . 1901 



POTENTIAL CLIMATIC E FILL lb 


CLIMATIC EFFECT OF C0 2 DOUBLING (NPC) 

- MEAN SURFACE TEMPERATURE RISE OF BETWEEN 1.5 C AMD 4.5"C WITH "VALUES IN LOWER HALF OF RANGE MOST 
PROBABLE" 

- SIGNIFICANT LATITUDINAL TE PPLRATURE VARIATIONS WITH INCREASES Z-'i TILLS FLAN IN POLAR REGIONS 

- COVERAGE AND THICKNESS OF SLA ICE DECREASES - SEA LEVEL RISL 

- HYDROLOGICAL CHANGES INDICATING SUMM.R SOIL MJISTURE DECREASES IN MIDDLE AND HIGH LATI IUDES OF 
NORTHERN HEMISPHERE 

ACTIVE AREAS OF SCIENTIFIC RESEARCH 

- KJDEL VALIDATION TO STRING I HEN CURRENT CONSENSUS 

- FONITOR1NG AND EARLY DETECTION STRATEGIES 


CR ACTIVITIES 


• CR RESEARCH IN CLIMATE KID EL I NO AND CO^-GREENHOUSE EFFECT (CALLEGARI , FLANNERY, HOFFERT (NYU)) 

- EMPHASIZES ENERGY BALANCE KIDELS 

(1) EXPLORE PHYSICAL EFFECTS (SCENARIOS) 

(2) TRANSIENT MODELING 

• SERVE ON DOE-STATE-OF-THE-ART SUBCOMMITTEE THAT WILL PRODUCE REPORT ON TRANSIENT CLIMATE MODELING AND 
RESPONSE TO C0' 2 INCREASES 

- PART OF GENERAL STATE-OF-THE-ART DOE REPORT 

• SUPPORT RESEARCH AT COLUMBIA UNIVERSITY'S LAMONT GEOLOGICAL OBSERVATORY (BROECKER, TAKAHASHI) 

- OCEANIC C0 2 -UPTAKE 

- OUTGROWTH OF EXXON TANKER PROGRAM 


EXXON SPONSORED LA MONT PROGRAM 


• OCEANIC CO ? MEASURE M.NT PROGRAM: AIR-SEA EXCHANGE, TRANSPORT, CHEMISTRY IN WINTER NORTH ATLANTIC 

- CARBON CYCLE AIRBORNE FRACTION 

- PRE-INDUSTRIAL ATMOSPHERIC CU ? CONTENT 

- SEASONAL P(CO ? ) VARIATION IN MIXED LAYER 

• RESULTS THUS FAR INDICATE MUCH MORE VARIABILITY (SEASONAL) IN OCEAN CIRCULATION THAN PREVIOUSLY THOUGHT 

- WINTER COjj-UPTAKE AND TRANSPORT TO DEEP WATER CUMPLEX DUE TO LOCALLY LOWER AIR-SEA EXCHANGE BUT 
HIGHER DEEP WATER VENTILATION 

- DETERMINATION OF PRE-INDUSTRIAL ATMOSPHERIC CO^-CONTENT BY CONSIDERING DEEP WATER C0 2 MORE 
COMPLEX DUE TO STRONG SEASONAL VARIABILITY 

• THESE DATA UPSET CURRENT "UNDERSTANDING" OF C0 2 UPTAKE BY THE OCEAN. 


EXXON , 


OPPONENTS: 


LOCAL PHYSICS: 


TRANSPORT: 


3 COMPONENT ENERGY BALANCE MJDEL 


AIR, SEA, LAND "SUREACE TEFPERATURE" 

INSOLATION, ALBEDO, ICE ALBEDO FEEDBACK 
SENSIBLE HEAT EXCHANGE «AT 
LATENT HEAT EXCHANGE « A (r a q sdt ) 

IR FLUX LAND, SEA « oT 4 

ATFDSPHERIC IR: BOA, TOA FROM LOW TRANS 

SEA THERMAL DIFFUSION « D 

AIR DIFFUSION [LATENT + THERMAL ENERGY] 

DEEP SEA TRANSPORT [UPWELLING AND EDDY DIFFUSIVITY] 


CBM POLAR AMPLIFICATION 
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20 x C0 2 COMPARISON TEMPERATURE DISTRIBUTION 
3 COMPONENT EBM 



DEGREES LATITUDE 


STATUS AND NEW RESEARCH DIRECTIONS 


• ADVANCED HILTI -PURPOSE MJDEl FOR EXPLORING PHYSICAL EXPLANATIONS OF CLIMATE VARIATION 

- EVOLUTIONARY SCENARIOS FOR CO ? AND TRACE GAS EFFECTS 

• OCEANIC ROLE IN FUTURE CO ? BUILD-UP 

- SEASONAL CYCLE IN SURFACE WATERS 

- LONG TERM MIXING DEEP OCEANS 

- CHANGES IN AIRBORNE FRACTION 

• RELATE PLAUSIBLE PHYSICAL SCENARIOS TO PALEOCL I MATE RECORD 

- VALIDATION OF Till CLIMATE M)DEL AND MECHANISMS 

- INCREASED INSIGHT INTO GEOHISTORY RELATIONS 

- E.G. ICE AGES 

MILANKOVITCH CYCLES 
OCEANIC DEGASSING OF CU^, 


OCEAN CARBON CYCLE 



GAS EXCHAN GE (7.9 YEARS) 

CAPACITY: CHEMISTRY 

RATE: SMALL SCALE FLUID 
DYNAMICS 

CHEMISTRY (.1 YEAR) 

BI OLOGY (.2 YEAR) 

MIXED LAYER CO ? SINK 
REGENERATION WITH DEPTH 

MIXING (.3-1000 YEARS) 


• SIGNIFICANT C0 ? ENTERS OCEAN BECAUSE OF CARBONATE CHEMISTRY (8 FOLD INCREASE OVER PURE WATER) 

• SMALL CHANGES IN OCEAN CARBON CONTENT CAN CAUSE LARGE CHANGES IN ATMOSPHERIC C0 2 CONCENTRATION 


5PCO 

- REVELL FACTOR: 

PCO 


<$ (TOTAL INORGANIC CARBON) 
TOTAL INORGANIC CARBON 


9-13 


ATMOS . 


• BIOSPHERIC CARBON FLUX MAINTAINS MIXED LAYER UNDERSATURATION OF C0 2 AND SMALL CHANGES ARE MAGNIFIED BY 
REVELL FACTOR 


BIOSPHERE NUTRIENT LIMITED 


